Measurements of W and Z bosons production at the Large Hadron Collider with the ATLAS detector are presented. These measurements include total and differential cross-sections of inclusive vector-boson production as well as in association with jets. The results show sensitivity to the parton distribution functions, are used to test predictions from Quantum Chromodynamics and to tune Monte Carlo predictions.
Introduction
The measurement of vector-boson production at hadron colliders provides a benchmark of understanding the Quantum Chromodynamics (QCD) and electroweak processes and can be used as an input to constrain parton distribution function (PDF) uncertainties. The presented measurements include LHC Run I results based on the datasets recorded by the ATLAS [1] detector in 2010 and 2011 at the centre-of-mass energy of 7 TeV and early Run II results based on the dataset recorded in 2015 at the centre-of-mass energy of 13 TeV.
2
Results on vector-boson production measurements
The differential cross-section of the low mass Drell-Yan production is measured as a function of the dilepton invariant mass M ll [2] . The measurement is performed in the range of 26 < M ll < 66 GeV in both the electron (e) and muon (µ) channels for the 2011 data. For the 2010 data, the dilepton mass range is extended to 12 < M ll < 66 GeV for the µ channel. The measured cross-section is compared to pure next-to-leading order (NLO), next-to-next-toleading order (NNLO) calculations and NLO calculations matched to leadinglogarithm (LL) resummed parton shower (PS) calculations. In the low M ll region the NNLO QCD predictions provide a significantly better description of the results compared with the NLO QCD predictions, unless the latter are matched to the PS calculations. The measurement of the Z boson transverse momentum p different Monte Carlo (MC) generators. Disagreement between data and pure NNLO calculations is observed at low p Z T due to the lack of resummation. The new tunes AZ and AZNLO for MC generators PYTHIA8 [9] and POWHEG [8] showered with PYTHIA8, correspondingly, are obtained using the new data by varying the PS model components. Tuned predictions agree with the measured cross-section within 2 % over the tuning range, as shown in Figure 1 .
The measurement of the production of vector bosons in association with jets provides an excellent test of pQCD calculations. Differential cross-sections of the production of a W boson in association with jets are studied for about 40 observables [4] , including jet multiplicities for events with up to seven associated jets and jet transverse momentum of up to 1 TeV. Comparisons are made to a variety of theoretical predictions, including NLO pQCD calculations, resummation calculations and predictions from MC generators. The cross-section ratio of W+jet and Z+jet [5] is measured with significantly higher precision due to the cancellation of many systematic effects. In addition, this measurement probes the difference between kinematics of the jet system recoiling against W or Z bosons, in the context of searches for new particles or interactions beyond the Standard Model. Differential cross-sections are studied for about 20 observables and compared to predictions from NLO pQCD calculations and MC generators. Predictions agree well with data in most regions.
The production of Z boson in association with b-jets is an important background to ZH process with H decaying to bb. In addition, Z production with at least one b-jet (Z+ ≥ 1 b-jet) allows to probe poorly known b-quark PDF. The cross-sections of Z+ ≥ 1 b-jet and Z+ ≥ 2 b-jets processes are measured differentially as a function of different observables [6] . The level of agreement between data and NLO predictions is different in the Z+ ≥ 1 b-jet and Z+ ≥ 2 b-jets cases. The Z+ ≥ 1 b-jet process is better described by the five-flavour number scheme prediction, which allows a b-quark density in the initial state, while the Z+ ≥ 2 b-jets is better described by the four-flavour number scheme prediction, which considers only parton density of gluons and first four quarks. The cross-sections of W and Z bosons production are measured in both e and µ channels using an early Run II dataset with the integrated luminosity of 85 pb −1 [7] . The obtained results are in a good agreement with theoretical calculations based on NNLO QCD. The measurements of cross-section ratios benefit from the cancellation of experimental uncertainties and are powerful tools to constrain PDF uncertainties. The cross-section ratio of W + to W − is sensitive to the u v − d v valence-quark distribution at low Bjorken-x, and the cross-section ratio of W ± to Z constraints the strange quark distribution. The ratios of the fiducial cross-sections are shown in Figure 2 . For the ratio of the W + to W − fiducial cross-sections a significant scatter is observed corresponding to the different PDF predictions. Better agreement is seen for PDF sets that include LHC measurements from Run I. The measurement of the ratio of W ± to Z agrees with all considered PDF predictions within uncertainties.
Summary
Measurements at hadron colliders of inclusive vector-boson production as well as in association with jets provide an excellent test of pQCD calculations and allow to constrain relevant PDFs. An overview of measurements based on ATLAS Run I dataset is presented, as well as early measurements of W and Z bosons production cross-sections using Run II data.
